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Introduction.
In this paper we consider the stochastic differential system
as a stochastically perturbed system of the ordinary deterministic system
that analyzes a disease spread into a population when individuals are vaccinated.
Precisely the population can be in one of three states: susceptible, infective and vaccinated, denoted by S, I and V , respectively. In the model we suppose that the average number of contacts per infective per unit time is a constant β, that in the unit time a fraction φ of the susceptible class is vaccinated and that the vaccination may reduce but not completely eliminate susceptibility to infection. For this reason in the infection rate of vaccinated members is included a factor ρ, 0 ≤ ρ ≤ 1, with ρ = 0 meaning the vaccine is perfectly effective and ρ = 1 meaning the vaccine has no effect. We suppose also that the vaccination loses effect at a proportional rate θ , that the immunity isn't permanent and that a fraction λ of infective goes back in the susceptible class so the constant λ represents the recovery rate of infected people. We assume that the birth occurs in the system with the same rate constant μ of death. Consequently the total population is constant and the variables are normalized to
Recently there has been interest in the analysis of disease models where a vaccination is introduced. Attention has been given to vaccination and treatment policies both in term of different vaccine classes (all/nothing, leaky) and associated costs ([7-9] ). Since the disease can go to an endemic level, control strategies to vaccination are usually implemented to eradicate the disease or at least to lower its prevalence to reasonable level. In modelings such strategies the main problem is that the vaccination is not completely efficient. Vaccines may have low efficacy and be leaky (i.e., after a certain time vaccinated individual may have only partial protection from infection). Data support the fact that a vaccine usually wanes, thus providing only temporary protection. Moreover under certain parameter condition the model (2) exhibits a backward bifurcation leading to the existence of multiple endemic equilibria: a stable disease free equilibrium, an unstable endemic equilibrium and a larger stable endemic equilibrium. This result is important in designing vaccination strategies and in this case the success of the strategy depends on the number of individuals that are initially infected. This paper is organized as follows. In Section 1 we prove the existence, uniqueness and positivity of the solution of the stochastic system and determine a sufficient condition to eradicate the disease. In Section 2 using Lyapunov functions we prove the stability of disease free equilibrium. Finally in Section 3 we use numerical simulation to compare the deterministic and stochastic behavior of the systems (1) and (2).
Formulation of a stochastic SIS model with vaccination and temporary immunity.
In this section we prove the existence, uniqueness and positivity of the solution. Throughout this paper, we let W (t) denote a one-dimensional Brow-
